This paper presents an active phased array radar transmitter design using Injection-locking oscillators. The required phase relation for each array element is obtained by electronic tuning through injection-locking technique, and the beamscanning capability is demonstrated, so a shifter less beam scanning method is proposed.
In this arrangement, components such as phase shifters may add considerable expense to the system. In addition, it is difficult to generate the required output power with a solid-state source at millimeter-wave frequencies. In this paper, an active phase array with beam-scanning capability is designed using injection-locked oscillators. The necessary phase shifts are achieved via injection-locked technique.
THEORY OF INJECTION-LOCKING The Injection-Locking Oscillator Technique
Injection locking oscillator was firstly examined by Van der Pol, and later by Kaneyuki Kurokawa. The main principle is based on the fact that any oscillator will be synchronized to an externally applied injected signal, if the free-running frequency is close to the signal's frequency. The frequency of output signal is w is the instantaneous free-running frequency. Q is the quality factor of the tuning network, inj V is the amplitude of the injected signal, 0 V is the amplitude of the free-running signal. As a steady-state solution can be found for the phase such that   =0, this indicates that the oscillator is synchronized to the injection signal. Solving for the . Therefore, one can acquire a phase-shifting operation by properly tuning the VCO control voltage.
The Phase Array Using Injection-Locked Oscillators
Each array element is a self-contain VCO to deliver its energy to an antenna. Fig. 2 shows a phase array using VCOs and injection-locked technique. The oscillators are slaved to the injection signal, which can be distributed using a corporate feed network. Due to the non-uniformity of the devices the oscillation frequency of each VCO may be different. However, according to the theory of injection-locking oscillator, all the VCOs are locked and have the same frequency. We can change the phase of each oscillator by properly adjusting the oscillator tuning voltage, according to (2) , to achieve required phase array operation. 
ACTIVE RADAR TRANSMITTER DESIGN
The antenna elements are designed using PM2503 which is an integrated oscillator and its operating frequency is 2-3GHz, Fig. 3 shows the schematic of the oscillator unit and the photograph of a 1  4 element active antenna array. In Fig.3 , the output of VCO is connected with microstrip line whose characteristic impedance is 50  . The material of PCB is 4350i which is made by Rogers company. The frequency tuning can be completed through L1. D1 is a varactor. C1,C2,C3,C4 are the capacitors which are used to remove the coupling.
EXPERIMENTAL RESULT
The theoretical predictions were tested using a 1  4 element injection-locking oscillators. The array used 0.762mm thick Rogers Ro4350B as substrate with r  =3.48. The width and the length of each patch antenna were is 15.5mm and 20mm, respectively. The operating frequency is at 5GHz.
For each element, the 4.99GHz signal and oscillator output signal are connected to a mixer (HMC218). Figure.4 shows the experiment arrangement of this system. Signal generator generates a 4.99GHz signal. By monitoring the mixer IF port using a digital oscilloscope, the phase of each oscillator output can be measured for the design of antenna array beam direction. The IF output is a dc voltage which can be read from oscilloscope and this dc voltage is a function of the phase difference between the injection signal and oscillation signal. Using this dc voltage, the relative phase of two elements can be designed, and the direction of main beam can be acquired. 
CONCLUSIONS
An active phased array radar transmitter is designed with its beam-scanning capability not using conventional phase shifter. The frequency synchronization and phase control are achieved by injection-locking technique. This kind of active phase array using injection-locking oscillators has many merits such as low cost high integration and high efficiency and it also can be applied to two-dimensional array.
